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® Sustained-release particulate preparation and process for preparing the same. 



© A sustained-release particulate preparation hav- 
ing a controlled releasing rate of a pharmacologically 
active agent contained therein in the living body, and 
a process for preparing the preparation are dis- 
closed. The preparation comprises a polymeric com- 
pound which is capable of being degraded in the 
living body and which is compatible with living tis- 
sue, a pharmacologically active agent, and a natural 
high molecular weight compound of sugar origin or a 
derivative thereof. The preparation has fine and uni- 
form particle size and can be administered sub- 
cutaneously or intramuscularly for obtaining a long- 
lasting pharmacological activity. 
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SUSTAINED -RELEASE PARTICULATE PREPARATION AND PROCESS FOR PREPARING THE SAME 



This invention relates to a sustained-release 
particulate preparation having a controlled releasing 
rate of a pharmacologically active agent in the 
living body, and a process for preparing such a 
sustained-release particulate preparation. 

Hitherto, an extensive research has been made 
for the study of a sustained-release preparation for 
.the purpose of controlling the releasing rate of a 
pharmaceutical^ active agent in the living body 
thereby obtaining a long-lasting pharmacological 
activity. For example, sustained-release particulate 
preparations, in the form of microspheres or micro- 
capsules using a polymeric material such as poly- 
lactic acid, polyglycolic acid, etc. which is capable 
of being decomposed in the living body and is 
compatible with living tissues, have been proposed. 

However, the above conventional preparations 
have problems in that the production of fine par- 
ticles having uniform particle size and shape is 
difficult, and roughness and heterogenity are some- 
times formed on the surface of the particles. An- 
other problem of the conventional preparations is 
that the production of particles haying substantially 
the- same particle size with high reproducibility is 
very difficult 

The above problems associated with the con- 
ventional preparations bring about various disad- 
vantages so that the control of the releasing rate of 
pharmacologically active agents contained therein, 
which is the most important requirement for the 
sustained-release preparation, sometimes becomes 
difficult. As a result, serious side-effects may be 
noted due to the rapid releasing rate of the active 
agent,, particularly, when the dose level is in- 
creased for obtaining a long-lasting pharmacologi- 
cal effect of the active agent. On the other hand, 
when the releasing rate is too low, the desired 
pharmacological effect cannot be achieved thereby 
adversely affecting the therapeutic effect on the 
disease to be treated with the sustained-release 
preparation. 

The present inventors conducted extensive 
studies on the sustained-release preparations in 
order to overcome the above disadvantages of the 
conventional preparation, in particular, on the selec- 
tion of polymeric compounds as a basic compo- 
nent which is capable of being degraded in the 
living body and which is compatible with living 
tissue, as well as the particle size of the prepara- 
tion, and, as a result, found that certain types of 
polymeric compounds can be preferably used as a 
basic component of the sustained-release prepara- 
tion. However, with respect to the particle size, it 



was found that the desired object cannot be 
achieved without any break-through since particles 
tend to be integrated or aggregated with each other 
during the formation of particles. 

5 With respect to the particle size, Japanese 

Pharmacopea stipulates the maximum particle size 
of particles to be used in the injectable prepara- 
tions. That is, in General Rules of Preparation, Item 
of Injection, it is stipulated that the particle sizes 

io suspended in the preparation of suspension injec- 
table preparations must be 150 urn or (ess, and, 
hence, a particle size larger than 150 um cannot 
be used for the injectable preparations. For this 
reason, conventional particles used for suspension 

75 injectable preparations must be subjected to a frac- 
tionating operation using a sieve for regulating the 
particle size so as to meet the above regulation of 
the Japanese Pharmacopea. Apparently, such an 
operation is time-consuming and expensive since it 

20 should be conducted under aseptic and dust-free 
conditions, and, therefore, an improvement in the 
production of particulate preparations on an indus- 
trial scale has long been desired in the art. 

An object of the present invention is therefore 

25 to provide a sustained-release particulate prepara- 
tion containing a pharmacologically active agent 
and having a fine and uniform particle size and 
keeping chemical and physical stability in an injec- 
table formulation having a controlled releasing rate 

30 of the active agent. 

Another object of the present invention is to 
provide a process for preparing such a sustained- 
release particulate preparation which can be per- 
formed easily, without necessity of fractionating 

35 regulation of the particle size using a sieve. 

As a result of further studies for establishing a 
process for preparing fine particulate preparations 
having a fine and uniform particle size and keeping 
chemical and physical stability without employing 

40 the fractionating operation for regulating the particle 
size, the present inventors found that the desired 
object can be achieved by using a natural high 
molecular weight compound of sugar origin or a 
derivative thereof as a medium for the particle 

45 formation, and completed the present invention 
based on the aoove finding. 

That is, the present invention relates to a 
sustained-release particulate preparation which 
comprises a polymeric compound which is capable 

so of being degraded in the living body and is com- 
patible with living tissue, a pharmacologically active 
agent, and a natural high molecular weight com- 
pound of sugar origin or a derivative thereof, and a 
process for preparing the sustained-release par- 
ticulate preparation. 
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Figs. 1 and 2 are graphs showing changes in 
the level of peripheral neutrocytes in blood sam- 
ples after subcutaneous and intramuscular admin- 
istrations of the sustained-release particulate prep- 
arations containing G-CSF prepared in Examples 1 
and 2 of the present invention and the aqueous 
solution of G-CSF as a control. 

The polymeric compound which is capable of 
being degraded in the living body and which is 
compatible with living tissue used as one of the 
components of the sustained-release particulate 
preparation according to the present invention, is 
selected from the group consisting of polylactic 
acid, polyglycolic acid, polyhydroxybutyric acid 
and a copolymer thereof having a molecular weight 
of from about 1 ,000 to about 25,000. The polymeric 
compound can be used in an amount of from about 
20 to about 95% by weight, preferably from 40 to 
90% by weight, based on the total weight of the 
particulate preparation. 

The pharmacologically (or physiologically) ac- 
tive agents used in the preparation of the present 
invention can be any type of active agents which 
are desirably used as sustained-releasing in the 
living body, but are preferably those which are 
water-insoluble or difficulty soluble in water, since it 
is necessary that a solution of the active agent is 
suspended in an aqueous solution during the pro- 
duction of the particulate preparation. 

Examples of suitable pharmacologically active 
agents include organic compounds such as 
ketoprofen, nicorandil, disopyramide, etc., proteins 
such as interferons, tumor necrosis factor (TNF), 
colony-stimulating factor, etc. A suitable example of 
the colony-stimulating factor includes a granular 
colony stimulating factor (hereinafter referred to as 
"G-CSF") as disclosed in the applicant's copending 
Japanese Patent Application Nos. 153273/84; 
269455/85. 269456/85, 270838/85, 270839/85 and 
166710/86. 

These pharmacologically active agents can be 
used in an amount of from about 0.01 to about 
50% by weight based on the total weight of the 
particulate preparation. 

The medium which can be used for the forma- 
tion of particles and which is one of the essential 
components of the preparation of this invention is a 
natural high molecular weight compound of sugar 
origin or a derivative thereof. Examples of such 
compounds include at least one member selected 
from chitins or derivatives thereof, chitosans or 
derivatives thereof, hyaluronic acid or a salt thereof 
such as sodium hyalurate. dextrans having a mo- 
lecular weight of from about 10,000 to about 
150,000, pectins, dextrins having a molecular 
weight of from about 2,500 to about 150.000, and 
chondroitin sulfate or a salt thereof such as sodium 
chondroitin sulfate. 



The proportion of the medium can be varied 
suitably depending upon the type of the medium 
used and/or the dosage form of the particulate 
preparation so as to provide the final preparation 

5 with a desired releasing rate of the active agent. 
For example, in order to adjust the particle size 
and surface smoothness of the particles for obtain- 
ing a suitable releasing rate, an aqueous solution of 
the medium having a concentration of from 0.1 to 

70 20% by weight can be used in a proportion of 1 to 
20 times (by volume) the solution of the above- 
described polymeric compound and the pharmaco- 
logically active agent. 

The sustained-release particulate preparation 

75 according to the present invention can be prepared 
in the following manner. 

(1) A polymeric compound which is capable 
of being decomposed in the living body and is 
compatible with living tissue is dissolved in an 

20 organic solvent. 

(2) A pharmacologically active agent is ad- 
ded to the solution prepared in (1) above to form a 
solution, suspension or emulsion. 

(3) An aqueous solution of a medium com- 
25 prising a natural high molecular weight compound 

of sugar origin or a derivative thereof is mixed with 
the solution (or suspension or emulsion) prepared 
in (2) above, following by stirring to prepare fine 
particles containing the pharmacologically active 
30 agent. 

(4) The fine particles obtained in (3) above 
are isolated from the mixture to obtain the desired 
sustained-release fine particulate preparation. 

Examples of the organic solvents used above 

35 include methyl acetate, ethyl acetate, methyl al- 
cohol, ethyl alcohol, isobutyl alcohol, n-propyl al- 
cohol, isopropyl alcohol, acetone, methylene chlo- 
ride, toluene, benzene and the like, either alone or 
as a mixture thereof. 

40 In order to dissolve (or suspend or emulsify) 

the pharmacologically active agent in the solution 
of the polymeric compound, it is preferred to use a 
surface active agent having an HLB (hydrophilic- 
lipophilic balance) of 8 or less. Examples of the 

45 surface active agents having an HLB of 8 or less 
include at least one of egg yolk lecithin, hydroge- 
nated lecithin, aliphatic acid esters of sorbitan, al- 
iphatic acid esters of polyoxyethylene and aliphatic 
acid esters of glycerin. 

so H is necessary that all the above process steps 

are conducted aseptically. 

The sustained-release particulate preparation 
according to the present invention may contain 
additional components such as a dispersing agent. 

55 a preservative, a pain-alleviating agent, and the 
like. 
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The sustained-release particulate preparation 
according to the present invention can be admin- 
istered through various routes depending upon the 
conditions of the disease to be treated, but, gen- 
erally can be used by subcutaneous or in- 
tramuscular injection. 

The present invention is further illustrated in 
more detail by the following examples and test 
example, but the present invention is not limited 
thereto. Unless otherwise indicated, ail parts, per- 
cents, ratios and the like are by weight. 



The resulting mixed solution was added to 
1,000 ml of a 02% aqueous solution of chitin 
which had been kept at 40 °C. and the mixture was 
emulsified while stirring at a rate of 500 rpm to 

5 produce microspheres containing G-CSF. The re- 
sulting microspheres were worked up in the same 
manner as described in Example 1 to obtain a 
microsphere preparation as a white powder having 
an average particle size of 100 am or less. Ail the 

to above steps for the preparation were conducted 
asepticaily. 



Example 1 

A poly(dl-lactic acid-glycolic acid) copolymer 
(75:25) having a molecular weight of about 2,000 
was dissolved in 200 ml of a mixture of methylene 
chloride and n-propanol (4:1 by volume) to prepare 
a 5% solution of the copolymer. Then, a suspen- 
sion of 2.5 mg of freeze-dried G-CSF powder in 50 
ml of a mixture of methylene chloride and n-pro- 
panol (4:1 by volume) was added to the above- 
prepared methylene chloride-n-propanol solution of 
the copolymer, and the mixture was stirred and 
mixed while rotating at a rate of 1,000 rpm with a 
stirrer to prepare a mixed solution. 

The resulting mixed solution was added to 
1,000 ml of a 1% aqueous solution of hyaluronic 
acid which had been kept at 40 °C, and the mixture 
was emulsified while stirring at a rate of 500 rpm to 
produce microspheres containing G-CSF. The 
microspheres were collected by centrifugation. re- 
peatedly washed 5 times with distilled water which 
had been kept at 40 °C and then dried under re- 
duced pressure at room temperature. The G-CSF 
microspheres obtained in this way was a write 
powder having an average particle size of 100 urn 
or below. All the above steps for the preparation 
were conducted asepticaily. 



Example 2 

A poly(dl-lactic acid-hydroxy butyric acid) 
copolymer (90:10) having a molecular weight of 
about 2,000 was dissolved in 200 ml of a mixture 
of toiuene and methylene chloride (4:1 by volume) 
to prepare a 5% solution of the copolymer. Then, a 
suspension of 2.5 mg of freeze-dried G-CSF pow- 
der in 50 ml of a mixture of toluene and methylene 
chloride (4:1 by volume) was added to the above- 
prepared toluene-methylene chloride solution of the 
copolymer, and the mixture was stirred and mixed 
while rotating at a rate of 1,000 rpm with a stirrer to 
prepare a mixed solution. 



Example 3 

75 

A poly(dl-lactic acid-hydroxybutyric acid) 
copolymer (90:10) having a molecular weight of 
about 2,000 was dissolved in 200 ml of methylene 
chloride to prepare a 5% solution of the copolymer. 

20 Then, 50 mg of nicorandil was added to the above 
methylene chloride solution of the copolymer, and 
the mixture was stirred and mixed while rotating at 
a rate of 1 ,000 rpm with a stirrer. 

The resulting mixed solution was added to 

25 1,000 ml of a 02% aqueous solution of hyaluronic 
acid which had been kept at 40 °C, and the mixture 
was emulsified while stirring at a rate of 500 rpm to 
produce microspheres containing nicorandil. The 
resulting microspheres were worked up in the 

30 same manner as described in Example 1 to obtain 
a microsphere preparation as a white powder hav- 
ing an average particle size of 100 u.m or less. All 
the above steps for the preparation were conducted 
asepticaily. 

35 

Example 4 

A poly-dl-lactic acid polymer having a molecu- 

40 lar weight of about 2,000 was dissolved in 50 ml of 
a mixture of toluene and acetone (5:1 by volume) 
to prepare a 10% solution of the polymer. Then, a 
suspension of 2.5 mg of freeze-dried G-CSF pow- 
der in 50 ml of 80% aqueous propanol was added 

45 to the above-prepared toluene-acetone solution of 
the polymer, and the mixture was stirred and mixed . 
while stirring at 1 ,000 rpm with a stirrer to prepare 
a mixed solution. 

The mixed solution was then added to 500 ml 

so of a 0.5% aqueous chitosan solution which had 
been warmed at 40 °C, and the mixture was emul- 
sified while stirring at a rate of 500 rpm to produce 
microspheres containing G-CSF. The resulting 
microspheres were then worked up in the same 

55 manner as described in Example 1 to obtain a 
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microsphere preparation containing G-CSF as a 
white powder having an average particle size of 
100 am or less. All the above steps for the prep- 
aration were conducted aseptically. 

5 

Example 5 

A poly-dMactic acid polymer having a molecu- 
lar weight of about 20,000 was dissolved in 50 ml w 
of benzene to prepare a 5% solution of the poly- 
mer, and egg yolk lecithin was added to the solu- 
tion in an amount of 1% concentration. Then, a 
suspension of 2.5 mg of freeze-dried G-CSF pow- 
der in 50 ml of 40% aqueous propanol was added 15 
to the above-prepared benzene solution of the 
polymer, and the mixture was emulsified while stir- 
ring and mixing at a rate of 1 ,000 rpm with a stirrer. 

The emulsified mixture was added to a 5% 
aqueous solution of dextran which had been kept at -20 
40° C, and the mixture was emulsified while stirring 
at a rate of 500 rpm with a stirrer to produce 
microspheres containing G-CSF. The resulting 
microspheres were worked up in the same manner 
as described in Example 1 to obtain a microsphere 25 
preparation containing G-CSF as a white powder 
having an average particle size of 100 am or less. 
Ail the above steps for the preparation were con- 
ducted aseptically. 

30 

Example 6 

A poly(dHactic acid-glycofic.acid) copolymer 
(50:50) having a molecular weight of about 6,000 35 
was dissolved in 50 ml of methylene chloride to 
prepare a 5% solution of the copolymer, and 50 
mg of disopyramide was added to the solution. 
Then, 500 ml of a 1% aqueous pectin solution 
which had been kept at 40 °C was added to the aq 
mixture, and the mixture was emulsified while stir- 
ring at a rate of 1,000 rpm with a stirrer. After 
stirring for 1 hour, methylene chloride was evap- 
orated to produce microspheres containing dis- 
opyramide. The resulting microspheres were 45 
worked up in the same manner as described in 
Example 1 to obtain a microsphere preparation 
containing disopyramide as a white powder having 
an average particle size of 100 am or less. All the 
above steps for the preparation were conducted 50 
aseptically. 



Example 7 

A poly(dl-lactic acid-glycolic acid) copolymer 
(8020) having a molecular weight of about 2,000 
was dissolved in 50 ml of methylene chloride, and 
egg yolk lecithin was added to the solution in an 
amount of 1% concentration. Then, a 40% aqueous 
propanol solution containing G-CSF at a concentra- 
tion of 50 ag/ml which was prepared by dissolving 
a G-CSF solution having a concentration of 500 
ag/ml in 40% aqueous propanol was added to the 
above-prepared methylene chloride solution of the 
copolymer, and the mixture was emulsified while 
stirring and mixing at a rate of 1.000 rpm with a 
stirrer. The emulsified mixture was added to 500 ml 
of a 1% aqueous pectin solution which had been 
warmed at 40 °C, and the mixture was emulsified 
while stirring at a rate of 500 rpm with a stirrer to 
produce microspheres containing G-CSF. The re- 
sulting microspheres were worked up in the same 
manner as described in Example 1 to obtain a 
microsphere preparation containing G-CSF as a 
white powder having an average particle size of 
100 am or less. All the above steps for the prep- 
aration were conducted aseptically. 

Example 8 

A poly-dl-lactic acid polymer having a molecu- 
lar weight of about 4,000 was dissolved in 50 mi of 
a mixture of methylene chloride and ethanol to 
produce a 10% solution of the polymer, and 2.5 
mg of freeze-dried a-interferon powder was added 
to the solution. Then, a 0.5% aqueous chitosan 
solution which had been warmed at 40 °C was 
added to the mixture, and the mixture was emul- 
sified while stirring at a rate of 1,000 rpm with a 
stirrer. After stirring for 1 hour, methylene chloride 
and ethanol were evaporated to produce micro- 
spheres containing cr-interferon. The resulting 
microspheres were worked up in the same manner 
as described in Example 1 to obtain a microsphere 
preparation containing a-interferon as a white pow- 
der having an average particle size of 100 am or 
less. All the above steps for the preparation were 
conducted aseptically. 

Example 9 

A poly(dMactic acid-glycolic acid) copolymer 
(50:50) having a molecular weight of about 6.000 
was dissolved in 50 ml of methylene chloride to 
prepare a 5% solution of the copolymer, and hy- 
drogenated lecithin was added to the solution in an 
amount of 1% concentration. Then, a 40% aqueous 
propanol solution containing G-CSF at a concentra- 
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tion of 50 ug/ml which was prepared by dissolving 
a G-CSF solution having a concentration of 500 
iig/ml in 40% aqueous propanol was added to the 
above-prepared methylene chloride solution of the 
copolymer, and the mixture was emulsified while 
stirring and mixing at a rate of 1,000 rpm with a 
stirrer. The emulsified mixture was added to 500 ml 
of a 1% aqueous chitosan solution which had been 
warmed at 40 °C, and the mixture was emulsified 
while stirring at a rate of 500 rpm to produce 
microspheres containing G-CSF. The resulting 
microspheres were worked up in the same manner 
as described in Example 1 to obtain a microsphere 
preparation containing G-CSF as a white powder 
having an average particle size of 100 urn or less. 
AH the above steps for the preparation were con- 
ducted asepticafiy. 

• 

Example 10 

A>. poly(glycolic acid-hydroxybutyric acid) 
copolymer (50:50) having an molecular weight of 
about 2,000 was dissolved in 50 ml of methylene 
chloride to prepare a 5% solution of the copolymer, 
and hydrogenerated lecithin was added to the solu- 
tion in an amount of 1% concentration. Then, a 
70%: aqueous propanol solution containing G-CSF 
at a concentration of 50 tig/ml which was prepared 
by dissolving a G-CSF solution having a concentra- 
tion of 500 ug/ml in aqueous propanol was added 
to. the above-prepared methylene chloride solution 
of the copolymer, and the mixture was emulsified 
while stirring and mixing at a rate of 1.000 rpm with 
a stirrer. The emulsified mixture was added to 500 
ml of a 1 % aqueous sodium hyalurate solution 
which" had been warmed at 40°C, and the mixture 
was emulsified while stirring at a rate of 500 rpm 
with a stirrer to produce microspheres containing 
G-CSF. The resulting microspheres were worked 
up in the same manner as described in Example 1 
to obtain a microsphere preparation containing G- 
CSF as a white powder having an average particle 
size of 100 urn or less. All the above steps for the 
preparation were conducted aseptically. 

Example 11 

A poly-dl-lactic acid polymer having a molecu- 
lar weight of about 20,000 was dissolved in 50 ml 
of methylene chloride to prepare a 5% solution of 
the polymer, and egg yolk lecithin was added to 
the solution in an amount of 1% concentration. 
Then, a solution prepared by suspending 2.5 mg of 
a freeze-dried -/-interferon powder in 50 ml of 40% 
aqueous propanol was added to the above-pre- 
pared methylene chloride solution of the polymer, 



and the mixture was emulsified while stirring and 
mixing at a rate of 1,000 rpm with a stirrer. The 
emulsified mixture was added to 500 ml of a 5% 
aqueous dextran solution which had been warmed 

5 at 40°C. and the mixture was emulsified while 
stirring at a rate of 500 rpm with a stirrer to 
produce microspheres containing 7-interferon. The 
resulting microspheres were worked up in the 
same manner as described in Example 1 to obtain 

70 a microsphere preparation containing 7-interferon 
as a white powder having an average particle size 
of 100 am or less. All the above steps for the 
preparation were conducted aseptically. 

75 

Test Example 1 

The effect of the sustained-release particulate 
preparation containing G-CSF prepared in Exam- 

20 pies 1 and 2 above was tested using Wister-lm- 
amichi male rats (13 weeks-old). The test was 
conducted by withdrawing a blood sample for a 
control at 9 am on the first day, and then admin- 
istering (1) a physiological saline solution which 

25 also contains 0.5% rat serum albumin and a 1% 
physiological saline solution of mannitol, (2) an 
aqueous solution of G-CSF as a control, or (3) the 
sustained-release particulate preparation of Exam- 
ple 1 or 2. 

30 In this experiment, the test sample was admin- 

istered subcutaneously or intramuscularly in the 
back-neck site of the rats according to the following 
schedule. That is, the physiological saline solution 
was administered in an amount of 0.5 ml/rat once a 

35 day for two weeks; the aqueous G-CSF solution 
was administered in an amount of 0.5 ml/rat (2.5 
ug as G-CSF) once a day for two weeks; and each 
of the G-CSF-containing sustained-release par- 
ticulate preparations obtained in Examples 1 and 2 

40 was administered in an amount of 0.5 ml/rat (10 ug 
as G-CSF) at a single dose, followed by evaluating 
the effect over a period of 2 weeks. 

The evaluation of the effect was performed in 
terms of changes in the number of peripheral 

45 neurocytes as compared with that of the aqueous 
G-CSF solution as a control. More specifically, an 
amount of erythrocytes, leukocytes and hemoglo- 
bin in the blood sample withdrawn by puncture of 
the back medial branch of vein was determined 

50 using a microcell counter (Toa CC170 Model) and 
also the hemogram was obtained by a smear prep- 
aration of the blood sample. The number of 
neurocytes was calculated as a product of the 
numbers of the leukocytes. The results obtained 

55 are shown in the accompanying drawings. 
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Figs. 1 and 2 illustrate graphs showing the 
amount of neurocytes (x 10 2 cells/mm 3 blood) over 
a period of two weeks obtained by administering 
the test sample. The graph "A" shows a result 
obtained by subcutaneous administration of the 
preparation of Example 1 (10 ug G-CSF/rat/dose); 
the graph "B" shows the result obtained by in- 
tramuscular administration of the preparation of Ex- 
ample 1 (10 ug G-CSF/raVdose); the graph "C" 
shows the result obtained by subcutaneous admin- 
istration of the preparation of Example 2 (10 
ug/rat/dose); the graph "D" shows the result ob- 
tained by subcutaneous administration of the phys- 
iological saline solution (0 ug G-CSF/rat/day); and 
the graph "E" shows the result obtained by sub- 
cutaneous administration of the G-CSF aqueous 
solution as a control (2.5 ug/rat/day). 

The results in Figs. 1 and 2 clearly dem- 
onstrate that the sustained-release particulate prep- 
arations according to the present invention exhibit 
the increase in the number of neurocytes on every 
test day after administration to a degree which is 
substantially equivalent to or higher than that of the 
control. 

As is apparent from the test results, the 
sustained-release particulate preparation according 
to the present invention is effective for preventing 
undesirable hydrolysis of physiologically active 
agents with enzymes after administration which is 
often observed in usual injectable preparations, as 
well as for preventing polymerization of the active 
agent and the like. Further, the test results indicate 
that the sustained-release particulate preparation of 
this invention exhibits an effect substantially equiv- 
alent to or even higher than the effect obtained by 
the control at a lower dose level of the active agent 
than that of the control. 

The sustained-release particulate preparation of 
the present invention has a structure of micro- 
spheres or microcapsules which can be used as an 
injection or a depo-type preparation, and is ex- 
cellent in view of their uniformity in grain distribu- 
tion, fineness of particles and surface smoothness 
of particles. Accordingly, the sustained-release par- 
ticulate preparation of this invention is excepted to 
be useful for the treatment of various diseases 
since a constant blood level of the physiologically 
active agent can be maintained after administration 
of a single dose of the preparation and a long- 
lasting effect of the active agent can be obtained 
over a long period of time. 



Claims 

1. A sustained-release particulate preparation 
which comprises a polymeric compound which is 
capable of being degraded in the living body and is 
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compatible with living tissue, a pharmacologically 
active agent, and a natural high molecular weight 
compound of sugar origin or a derivative thereof. 

2. A sustained-release particulate preparation 
5 as claimed in Claim 1, wherein said polymeric 

compound is polylactic acid, polyglycolic acid, 
polyhydroxybutyric acid or a copolymer thereof. 

3. A sustained-release particulate preparation 
as claimed in Claim 1, wherein said natural high 

w molecular weight compound of sugar origin or a 
derivative thereof is selected from the group con- 
sisting of chitins and derivatives thereof, chitosans 
and derivatives thereof, hyaluronic acid and a salt 
thereof, dextrans having a molecular weight of from 

75 about 10,000 to about 150.000, pectins, dextrins 
having a molecular weight of from about 2.500 to 
about 150.000, and chondroitin sulfate and a salt 
thereof. 

4. A sustained-release particulate preparation 
20 as claimed in Claim 1, wherein said pharmacologi- 
cally active agent is an organic compound, a pro- 
tein or a peptide which is water-insoluble or hardly 
soluble in water. 

5. A process for preparing a sustained-release 
25 particulate preparation which comprises the steps 

of: 

(1) dissolving a polymeric compound which 
is capable of being decomposed in the living body 
and which is compatible with living tissue in an 

30 organic solvent; 

(2) mixing a pharmacologically active agent 
with the solution prepared in (1 ) above: 

(3) mixing an aqueous solution of a natural 
high molecular weight compound of sugar origin 

35 with the mixture prepared in (2) above, followed by 
stirring to prepare fine particles containing the 
pharmacologically active agent; and 

(4) isolating the thus-produced fine particles 
from the mixture. 
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